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SINGLE-CHAIN ANTI-P53 ANTIBODY FRAGMENTS, AND USES 



The present invention relates to a process 
for restoring a p5 3 -dependent transactivation activity 
in cells exhibiting a mutated p53 protein which is 
devoid of its transcriptional factor function or whose 
transcriptional factor function is diminished. More 
particularly, the process of the invention is based on 
using single-chain antibodies which are able to bind 
the mutated p53 protein specifically. It also relates 
to novel molecules which are able to bind p53 proteins 
specifically and efficiently and which additionally 
make it possible to restore a p53 activity in tumour 
cells, as well as to the nucleic acids encoding these 
molecules and to the vectors containing them* This 
process, and the molecules of the invention, can be 
used in vitro or ex vivo to study the mechanism of 
action of p53 and its mutated forms or to purify the 
p53 proteins. They also offer in-vivo uses, in 
particular in therapeutic approaches for restoring p53 
activity in pathological contexts such as, in 
particular, cancers • 

The wild- type p53 protein is involved in the 
regulation of the cell cycle and in the maintenance of 
the integrity of the genome of the cell. This protein, 
whose principal function is that of being an activator 
of the transcription of certain genes, is able, by 
means of a process which is still not well defined, to 



block the cell in the Gl phase of the cell cycle when 
mutations appear during replication of the genome and 
to set in motion a certain number of processes for 
repairing the DNA. Furthermore, if there is a fault in 
5 these repair processes or if mutational events appear 
which are too numerous to be corrected, this protein is 
able to induce the phenomenon, termed apoptosis, of 
programmed cell death. In th.is way, the p53 protein 
acts as a tumour suppressor by eliminating cells which 
10 have differentiated in an abnormal manner or whose 
genome has been damaged. 

This main function of p53 depends on its 
transcription factor function, in other words on its 
double ability to recognize specific sequences in the 
15 genomic DNA and to recruit the general machinery of 
transcription. 

The p53 protein comprises 393 amino acids 
which define 5 functional domains: 

- the transcription activator domain, which 
2 0 consists of amino acids 1 to 73 and which is able to 
bind certain factors of the general transcription 
machinery such as the protein TBP. This domain is also 
the site of a certain nuGDber of post- translational 
modifications. It is also the site for a large number 
2 5 of interactions between the p53 protein and a large 
number of other proteins, in particular the cell 
protein mdm2 or the Epstein- Barr virus (EBV) protein 
EBNA5, which proteins are able to block the function of 



the wild-type protein. Purttiennore, this domain 
possesses amino acid sequences which are termed PEST 
and which are susceptible to proteolytic degradation. 

- the DNA-binding domain, which is located 
between amino acids 73 and 315. The conformation of 
this central domain of p53 regulates the recognition of 
DNA sequences which are specific for the p53 protein. 
This domain is the site of two types of alteration 
which affect the function of the wild-type protein: 

(i) interaction with proteins, such as the 
"large T" antigen of the SV4 0 virus or the E6 viral 
proteins of the HPV16 and HPV18 viruses, which block 
the fxinction of p53 and which are able to bring about 
its degradation by the ubiq[uitin system. This latter 
interaction can only be effected in the presence of the, 
cell protein E6ap (enzyme E3 of the ubicjuitinilation 
cascade) • 

(ii) point mutations which affect the 
function of p53 and almost all of which are located in 
this region. 

- the nuclear localization signal, which 
consists of amino acids 315 to 325 and which is 
essential for correctly directing the protein to the 
compartment where it: will exert its main fiinction. 

- the oligomerization domain, which consists 
of amino acids 325 to 355. This 325 to 355 region forms 
a structure of the type: pleated sheet (326-334) -bend 
(335-336) -a-helix (337-355) • The functional alterations 



which are located in this region are essentially due to 
interaction of the wild-type protein with the different 
mutant forms, which forms can produce variable effects 
on the function of the wild- type protein. 
5 - the regulatory domain, which consists of 

amino acids 365 to 393 and which is a site of various 
post-translational modifications (glycosylations, . 
phosphorylations, RNA binding, etc) which modulate the 
function of the p53 protein in a positive or negative 
10 maumer. This domain plays an extremely important role 
in modulating the . activity of the wild- type protein. 

Operation of the p53 protein can be disrupted 
in a variety of ways. 

- its function can be blocked by various 

15 factors such as, for example, the SV40 virus "large T» 
antigen, the Epstein-Barr virus EBNA5 protein or the 
mdm2 cell protein. 

- the protein can be destabilized by 
increasing its susceptibility to proteolysis, in 

20 particular by means of interaction with the E6 protein 
of the human papilloma viruses HPV16 and HPV18, which 
protein promotes entry of p53 into the ubiquitinilation 
cycle. In this case, interaction between these two 
proteins can only be effected by means of the prior 

25 binding of a cell protein, the E6ap protein, about 
whose binding site little is known. 

- point mutations can arise within the p53 

gene . 




- one or both of the p53 alleles can be 

deleted. 

The last two types of modification are found 
in about 50% of the different types of cancer. In this 
regard, the mutations of the gene for p53 which have 
been listed in cancerous cells affect a very large part 
of the gene encoding this protein and result in a 
variety of changes to the operation of this protein. 
However, it can be noted that the great majority of 
these mutations are located in the central part of the 
p53 protein, which part is known to be the region of 
contact with the genomic sequences which are specific 
for the p53 protein* This explains why the principal 
characteristic of most of the mutants of the p53 
protein is that of no longer being able to bind to the 
DNA sequences which are recognized by the wild- type 
protein and consequently no longer being able to carry 
out their role of transcription factor . In other 
respects, some mutants appear to have acquired novel 
fxinctions such as the activation of certain genes at 
the transcriptional level. 

At present, all these various modifications 
are grouped into three categories: 

- so-called weak mutants, the product of 
which is a nonfunctional protein which, when only one 
of the two alleles is mutated, has no effect on the 
operation of the wild- type protein which is encoded by 
the other allele. The main representatives of this 
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category are the mutants H273 and W248, with the latter 
being specific for the Li-Fraumeni fcuailial eyndrome of 
hypersusceptibility to cancerous ailments. 

- the dominant -negative mutants, the product 
5 of which is a nonfxuictional protein which, when only 

one of the two alleles is mutated, and by means of 
interaction with the wild-type protein, is able to 
block operation of the latter protein by means of 
forming inactive mixed oligomers which are no longer 
10 able to bind to the DNA sequences which are specific 

for the wild- type protein. The principal representative 
of this category is the mutant G281. 

- the dominaj:it- oncogenic mutants, the product 
of which is a protein which is able, on the one hand, 

15 to block the f\mction of the wild-type protein, like 

the mutants of the previous category, and, on the other 
hcoid, to promote, by means of mechanisms which are not 
well understood, tumour development, thereby exhibiting 
a gain in function. The main representative of this 

20 category is the mutant H175 . 

In view of its anti-tumour and apoptotic 
properties, and its involvement in a large number of 
pathologies of the hyperprolif erative type, the wild- 
type p53 gene has been used in gene therapy and cell 

25 therapy approaches. It has, in particular, been 

proposed that certain hyperprolif erative pathologies, 
in particular cancers, be treated by administering the 
wild- type p53 gene in vivo, thereby restoring p53 
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functions. Administration may preferentially be 
effected by means of viral vectors, in particular 
adenoviral {W094/24297) or retroviral (WO94/06910) 
vectors. Thus, it was demonetr-ated that introduction of 
5 a nucleic acid encoding tbe wild- type p53 protein 
enabled normal regulation of cell growth to be 
partially restored (Roth et al • , Nature Medicine 2 
(1996) 985) , Alternative strategies, which are based on 
using chimeric molecules whicb possess properties of 

10 the p53 type, have also been developed 
(PCT/FR96/01111) . 

Another approach, aimed at restoring the 
functions of the wild- type p53 protein is based on 
reversion of the endogenous mutated proteins towards a 

15 wild- type phenotype, that is to say exhibiting the 
tumour- suppressing and apoptotic properties of the 
wild- type p53 • This approach ensues from the 
demonstration that the losses in function of the p53 
mutants are due to a conformational change of the 

2 0 protein, which change is Induced by the mutation (s) • In 
this regard, application WO94/12202 demonstrates that a 
specific monoclonal antibody, which is designated 
pAb421 and which is directed against the p53 protein, 
is able to restore the function of binding to DNA in 

25 vitro to a certain class of mutants which are 

frequently represented in human cancers. However, the 
use of this type of compound presents significant 
drawbacks which are linked, in particular, to the large 
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c[uantity of antibody required (and therefore to the 
associated problems of production/purification) and to 
their poor intracellular penetration* 

The present application describes a more 
effective approach for restoring the wild-type 
properties of a mutant of the p53 protein. The present 
application describes, in particular, the construction 
of ligands which are especially specific for the p53 
protein and which have properties which are 
advantageous for restoring the wild- type p53 functions. 
More particularly, the present application describes 
the construction of single-chain antibodies (ScFvs) , in 
particular the molecule 11D3 , which are specific for 
the p53 protein. The present application furthermore 
demonstrates that the ScFvs are able to recognize p53, 
are able to be expressed efficiently within a tumour 
cell and are able to reactivate a part of the 
transactivating function of a certain class of p53 
mutants • 

As compared with the methods of the prior 
art, this molecule exhibits significant advantages, in 
particular the possibility of being expressed in situ, 
in substantial quantities, in. a tumour cell. The 
results which are presented below are all the more 
unexpected because loses of affinity had often been 
observed when passing from a conventional antibody to 
an ScFv. Furthermore, the applicant has demonstrated 
that it is possible to express the ScFvs in the 
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appropriate intracellular compartments, thereby enabling 
optimum biological activity to be obtained. 

The invention initially relates, therefore, to a 
process for restoring a p53-dependent transact ivation 
5 activity in cells exhibiting a mutated p53 protein, 
comprising introducing, into the said cell, a single -chain 
antibody which is able to bind the mutated p53 protein 
specifically. Advantageously, the process of the invention 
comprises introducing, into the cell, a nucleic acid which 
10 comprises a sequence encoding the said single-chain antibody 
under the control of a promoter which is able to function in 
the cell. Another aspect of the invention relates to the use 
of a single-chain antibody which is able to bind a mutated 
p53 protein specifically for modifying the conformation of 
15 the said mutated p53 protein . The invention also relates to 
the use of a single-chain antibody which is able to bind a 
mutated p53 protein specifically for preparing a 
pharmaceutical " composition which is intended for treating 
hyperprolif erative disorders in which a mutated p53 protein 
20 is involved, as well as to the use of a nucleic acid 
encoding a single -chain ant ibody which is able to bind a 
mutated p53 protein specifically for preparing a 
pharmaceutical composition which is intended for treating 
the hyperprolif erative disorders in which a mutated p53 
25 protein is involved. ^ 

The invention _ also provides a method of treating a 
hyperprolif erative disorder in .which a mutated p53 is 
involved comprising administering a single-chain antibody 
which is able to bind a mutated p53 protein specifically. 
30 The invention further provides a method of treating a 
i^sT/hyperprolif erative disorder in which a mutated p53 is 
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involved comprising administering a nucleic acid encoding a 
single chain antibody which is able to bind a mutated p53 
protein specifically. 

The process of the invention is therefore 




based in part on constructing and vectorizing single- 
chain antibodies which are able to bind a mutated p53 
protein specifically and introducing these antibodies 
into cells. The single-chain antibodies (ScFvs) 
essentially consist of a VH region which is linked to a 
VL region by an arm. The construction of ScPvs and of 
nucleic acid seq[uences whicli encode such modified 
antibodies has been described, for example, in patent 
US 4,946,778 or in applications WO 94/02610 and 
WO 94/29446, which are hereby incorporated into the 
present application by reference. 

The present application more specifically 
describes the creation of a hybridoma library which 
produces antibodies directed against p53 and the 
construction, from this library, of corresponding 
ScFvs . It also describes the cloning of the 
corresponding nucleic acida into expression vectors and 
their transfer into cells. Xt also demonstrates that 
this transfer enables the DNA-binding activity of p53 
mutants, and their transactivating activity, to be 
efficiently restored in vivo. 

More particularly, the process of the 
invention employs ScPvs which are able specifically to 
bind an epitope which is present in the C- terminal 
region of p53 and which carries the oligomerization 
domain and the regulatory domain. In this regard, the 
present application also describes a test which enables 
the ScFvs possessing this property to be selected by 
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means of the ELISA technique. 

Even more preferably, the ScPvs employed in 
the process of the invention are able specifically to 
bind an epitope which is present in the C- terminal 
5 region of p53 between residues 320-393. In this regard, 
the application describes, as a specific example, the 
construction and expression of tbe ScPv ScFv 421, 
having the sequence SEQ ID No. 1, and of 11D3, having 
the sequence SEQ ID No. 2. 

10 The process of the invention can be applied 

generally to mutated p53 proteins which have lost, 
totally or partially, the eO^ility to bind DNA, and the 
process of the invention enables this ability to be 
restored. More particularly, the process of the 

15 invention can be applied to mutated p53 proteins which 
have lost, totally or partially, the transcriptional 
factor function of p53, and it enables this fiinction to 
be restored. The degree of restoration may be total or 
partial. Advantageously, it is sufficient to enable the 

2 0 mutant to exert a tumour -suppressing function by meems 
of blocking the cell cycle and/or by means of inducing 
apoptosis. The process of tbe invention therefore makes 
it possible to restore, at least partially, a tumour- 
suppressing activity in cells which possess endogenous 

25 mutated p53 proteins which are devoid of this activity. 
Advantageously, these latter proteins are mutated 
proteins which are present in tumour cells. As 
indicated above, different mutated forms of the p53 
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protein have been demonstrated in tumour cells. The 
proteins p53H273, p53W248 and p53G2 81 may be mentioned 
by way of example. The examples which are presented 
below demonstrate, in particular, that the process of 
5 the invention makes it possible to modify the 

conformation, and the biological properties, of these 
mutants both in vitro and in vivo* In particular, these 
examples demonstrate that the ScFvs 421 and 11D3 are 
able to restore the ability of mutants 273 and 248 to 

10 bind DNA specifically and to induce p53 -dependent 
transactivation. 

The process of the invention cam be 
implemented in vitro, ex vivo or in vivo. In vitro or 
ex vivo, the process and the molecules of the invention 

15 can make it possible, for example, to study the 

mechanism of action of p53 and its mutated forms. 
Furthermore, the molecules of the invention can be used 
to detect or purify p53 proteins, for excunple by 
coupling the molecules to a support, and bringing them 

20 into contact with a solution containing p53 proteins, 
with this then being followed, if necessary, by 
visualization of the complexes which have been formed 
or by an elution. In vivo, in particular in humans, 
they can make it possible, in pathological contexts 

2 5 such as hyperprolif erative disorders in which a 
deficiency in p53 activity is observed, for this 
function to be restored. In this regard, the process 
can be employed in association with other above- 
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mentioned approaches (introduction of a wild-type p53 
gene) or else in association with chemotherapy 
(WO96/22101) • Still in vivo, the process and the 
molecules of the invention can be used in animals, for 
example in order to determine the levels' at which the 
ScFvs are expressed and to evaluate the possibility of 
a therapeutic approach for use ±n humans. 

Advantageously, the cell which possesses a 
mutated p53 protein is a mammalian tumour cell. In this 
regard, those cells which may more particularly be 
mentioned are the cells of lung (in particular not 
small-cell) , colon, liver, brain, head and neck cancers 
and, more generally, any cancer in which a mutated form 
of the p53 protein is observed* Advantageously, the 
cell is a human tiamour cell in which a p53H273, p53W248 
and/or p53G2 81 mutant is observed (lung, colon, brain, 
head and neck, liver) . The applicability of the process 
of the invention to a particular cell can easily be 
determined using the following methodology: the cell is 
first of all examined for the presence of a mutated p53 
protein. This protein is then examined in order to 
determine the nature of the mutation. If this mutation 
is a known mutation, in particular a mutation listed 
cLbove, the cell can be regarded as being susceptible to 
treatment by the process of the invention. If the 
mutation is an unlisted mutation, various approaches 
are possible. The mutated protein can first of all be 
isolated (or synthesized artificially) and tested, as 
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described in the examples, for its behaviour in vitro 
and in vivo in the presence of ScFv. This enables the 
ScFv to be identified which is appropriate for 
restoring the deficient functions of this protein. 
Another approach consists in directly testing the ScFvs 
on a culture of cells in order to determine the 
biological efficacy of the ScFvs . 

In order to implement the process of the 
invention, the ScFv is advantageously introduced into 
the cell, in vitro, ex vivo or in vivo, in the form of 
a vector carrying a nucleic acid which encodes the said 
ScFv under the control of a promoter which is able to 
function in the said cell* 

The promoter is advantageously chosen from 
among the promoters which are able to function in 
mammalian cells, preferably human cells. More 
prefereQjly, the promoter is a promoter which enables a 
nucleic acid to be expressed in a hyperprolif erative 

(cancerous, restenosis, etc.) cell* Various promoters 
may be employed in this regard. The promoter can, for 
example, be the native promoter of the p53 gene. The 
promoters can also be regions of different origin 

(which are responsible for expressing other proteins or 
even synthetic proteins) . The promoter can thus be any 
promoter or derived sequence which stimulates or 
represses the transcription of a gene specifically or 
non- specifically, inducibly or non-inducibly and 
strongly or weakly. Particular mention may be made of 
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the promoter sequences of eixkaryotic or viral genes. 
For example, the promoter sequences can be promoter 
sequences which are derived from the genome of the 
target cell. Eukaryotic promoters which may in 
5 particular be used are ubiquitous promoters (promoter 
of the HPRT, PGK, a-actin, tubulin, etc. genes), 
promoters of the intermediate filaments (promoter of 
the GFAP, desmin, vimentin, neurofilament, keratin, 
etc. genes), promoters of therapeutic genes (for 

10 example the promoter of the MDR, CFTR, factor .VIII, 

ApoAI, etc. genes), tissue-specific promoters (promoter 
of the pyruvate kinase, villin, intestinal fatty acid- 
binding protein, smooth muscle o(-actin, etc. gene) or 
else promoters which respond to a stimulus (steroid 

15 hormone receptor, retinoic acid receptor, etc.). 

Similarly, the promoter sequences can be promoter 
sequences which are derived from the genome of a virus, 
such as, for example, the promoters of the adenovirus 
ElA and MLP genes, the CMV early promoter, or else the 

20 RSV LTR promoter, etc. Furthermore, these promoter 

regions can be modified by the addition of activating 
sequences, regulatory seqpiences or sequences which 
permit an expression which is tissue-specific or mainly 
tissue-specific • 

25 As indicated above, the present application 

also describes novel molecules which have particularly 
advantageous properties of binding and reverting 
mutated p52 proteins. More precisely, the invention 
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describes the constr-action, the vectorization and the 
transfer into cells of specific ScPvs (11D3 and 421) . 
The nucleic acid sequence ajad peptide sequence of these 
ScFvs are given in SEQ ID No. 1 and SEQ ID No. 2. The 
5 excunples which follow demonstrate the particularly 
advantageous ability of these molecules (i) 
specifically to bind mutated p53 proteins in the C- 
terminal region, (ii) to restore the ability of these 
mutated proteins to bind DNA, and (iii) to restore the 

10 ability of these proteins to activate transcription. 
The examples furthermore demonstrate that these 
molecules are correctly expressed in tumour cells, 
thereby enabling the molecules to be advantageously 
used in the context of hyperprolif erative disorders . 

15 Moreover, the properties of the ScPvs of the invention 
can also be improved* In particular, it is known that 
the affinity o£ the ScFvs is influenced by the CDR 
regions (iinderlined in the sequence) and can be 
improved by means of routine mutagenesis/selection 

20 experiments. Thus, mutagenesis carried out on 

antibodies has been described, for example, by Marks et 
al. (Bio/Technology, 10, 779-7 83, 1992) and by Winter 
G. and Milstein C. (Nature, 349, 293-299, 1991) . The 
techniques described in tbese references can be applied 

25 to preparing variants of the ScFvs which have an 
affinity which is modified in accordance with the 
invention. Selection can then be effected under the 
conditions described in tbe exsimples. 
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The invention therefore also provides a molecule 11D3, 
having the amino acid sequence of SEQ ID No. 2 or a variant 
thereof which recognises the same epitope. The variant may 
have improved affinity. The invention also provides 

5 variants of the 11D3 molecule which exhibit a modification 
in the CDR regions and retain the ability to bind p53 
proteins. The modification can consist of a deletion, a 
substitution or an insertion of one or more residues in the 
CDR regions. Advantageously, the modification affects less 

10 than 10 residues. 

The present invention also relates to any nucleic acid 
which encodes ScFv 11D3 or any variant as defined above. 

The nucleic acid according to the invention can be a 
ribonucleic acid (RNA) or a deoxyribonucleic acid (DNA) . 

15 Advantageously, it is a complementary DNA (cDNA) . It can be 
of human, animal, viral, synthetic or semi-synthetic origin. 
It can be obtained in different ways, in particular by means 
of chemical synthesis using the sequences presented in the 
application and, for example, a nucleic acid synthesizer. It 

20 can also be obtained by screening libraries with specific 
probes, in particular those described in the application. It 
can even be obtained by means of mixed techniques including 
chemical modification (elongation, deletion, substitution, 
etc.) of sequences which have been obtained by screening 

25 libraries. In a general manner, the nucleic acids of the 
invention can be prepared by any technique known to the 
skilled person (see, in. 
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particular, the techniques described in patents 
US4, 946,778 and WO94/02610, which patents are 
incorporated into the present application by 
reference) . A standard strategy for constructing 
5 nucleic acids encoding an ScFv is the following: the 
cDNA molecules encoding the VH and VL regions are 
obtained from the hybridoma which is producing the 
chosen anti-p53 antibody. For this, the total RNA of 
the hybridoma is extracted and subjected to a reverse 

10 transcription reaction using random hexamers as 
primers. The use of this type of primer makes it 
possible to avoid using primers which are specific for 
immiinoglobulins. The resulting cDNA clones are of a 
length which is sufficient for cloning the V- regions. 

15 When they represent a fraction of the total cDNA 

present which is too low, ^ preliminary amplification 
reaction can be carried out in order to produce 
sufficient DNA for the cloning. For this, the cDNA 
molecules encoding the VH and VL regions are amplified 

2 0 separately. The primers employed are oligonucleotides 
which hybridize to the opposite ends of the variable 
regions of each chain (H and L) . The amplification 
product obtained using the primers which are specific 
for the heavy chains and the amplification product 

2 5 obtained using the primers which are specific for the 

light chains are then purified. After purification, the 
cDNA molecules encoding the VH and VL regions of the 
antibody are joined together into a single chain using 
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a nucleotide arm (L) . The nucleotide arm was 
constructed such that one of the ends binds to the 3' 
end of the cDNA encoding the VH region and the other 
binds to the 5' end of the cDNA encoding the VL region. 
5 The sequence of the arm encodes the peptide (G4S)3. The 
assembled sequence, of approximately 7 00 bp, contains 
the VH-L-VL assembly, whose sequences are depicted in 
SEQ ID No. 1 and SEQ ID No. 2, for example, in the form 
of an NcoI/NotI fragment. 
10 Preferably, the nucleic acid according to the 

invention is a cDNA or an RNA. 

The nucleic acid according to the invention 
is advantageously chosen from: 

(a) all or part of the sequence SEQ ID No. 2 
15 or of its complementary strand, 

(b) any sequence which hybridizes with the 
(a) sequences and which encodes an ScFv which is c^Dle 
specifically to bind the p53 protein, preferably within 
the C- terminal region, 

20 (c) the variants of (a) and (b) which result 

from the degeneracy of the genetic code. 



expression cassette which comprises a nucleic acid as 
defined above, a promoter which enables it to be 
25 expressed and a transcription termination signal. 



The present invention also relates to any 



In the process of the invention, the acid is 
advantageously introduced into the cells by means of an 



administration vector which makes it possible to 
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improve (i) the efficiency of cell penetration, (ii) 
targeting and/or (iii) extracellular and intracellular 
stability. 

In one particularly preferred embodiment of 
5 the present invention, the nucleic acid is incorporated 
into a vector which can be of chemical (liposome, 
nanoparticle, peptide complex, cationic lipid or 
polymer, etc.)# viral (retrovirus, adenovirus, herpes- 
virus, AAV, vaccinia virus, etc.) or plasmid origin. 

10 The use of viral vectors is based on the 

natural transfection properties of viruses. Thus, it is 
possible to use , for example , adenoviruses , herpes- 
viruses, retroviruses and adenoassociated viruses. 
These vectors are found to be particularly efficient 

15 with regard to transfection. In particular, the ability 
of adenoviruses and retroviruses to infect tximour cells 
make these viruses the vectors of choice in the context 
of the invention. In this regard, in a preferred 
embodiment of the invention, the nucleic acid is 

2 0 introduced in the foirm of a retroviral vector, that is 
to say in the form of a defective recombinant 
retrovirus whose genome comprises a nucleic acid 
encoding an ScFv as defined above. In another preferred 
embodiment of the invention, the nucleic acid is 

25 introduced in the form of an adenoviral vector, that is 
to say in the form of a defective recombinant 
adenovirus whose genome comprises a nucleic acid 
encoding an ScFv as defined above. 
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The vector according to the invention cEm. 
also be a non-viral agent which is able to promote the 
transfer and expression of nucleic acids in eukaryotic 
cells. Synthetic or natural chemi cal or biochemical 
5 vectors represent an attractive alternative to natural 
viruses, in particular for reasons of convenience, of 
safety and also because of the absence of any 
theoretical limit with regard to the size of the DNA to 
be transfected. These synthetic vectors have two main 

10 functions, i,e. to compact the nucleic acid to be 

transfected and to promote its binding to the cell and 
its passage through the plasma membrane and, if the 
need arises, the two nuclear membranes. In order to 
compensate for the polyanionic nature of the nucleic 

15 acids, the non-viral vectors all possess polycationic 
charges. In a particular process according to the 
invention, the vector is a chemical or biochemical 
vector. 

The invention also relates to any composition 
2 0 which comprises at least one nucleic acid as defined 
above . 

It also relates to any composition which 
comprises at least one vector as defined above* 

It also relates to any composition which 
25 comprises at least one ScFv as defined above. 

It also relates to compositions which 
comprise a nucleic acid or a vector as defined above 
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for simultaneous combined use or for combined use which is 
spaced out in time. 

On account of their antiproliferative properties, the 
pharmaceutical compositions according to the invention are 
5 very particularly suitable for treating hyperprolif erative 
disorders such as, in particular, cancers and restenosis. 
The present invention consequently supplies a particularly 
efficient method for destroying cells, in particular 
hyperprolif erative cells. Accordingly, the present 

10 invention provides a pharmaceutical composition comprising a 
nucleic acid according to the invention and a 
pharmaceutically acceptable excipient, for treating 
hyperprolif erative disorders . 

The invention- can be employed in vitro or ex vivo. In 
15 this case, it essentially consists in incubating the cells 
in the presence of one or more nucleic acids (or of a vector 
or cassette or directly of the ScFv) . Doses of from 0.01 to 
1000 pg of vector per 106 cells, or an MOI of from 0.1 to 
1000 for a viral vector can be employed. 
20 In vivo, it consists in administering, to the organism, 

an active quantity of a vector (or of a cassette) according 
to the invention, preferably directly at the site to be 
treated (in particular tumour). In this regard, the 
invention also relates to a method for destroying 
25 hyperprolif erative cells, which method comprises bringing 
the said cells, or some of these cells, into contact with a 
nucleic acid as defined above . ^ For an in-vivo use, the 
nucleic acid or the vector which is employed in the present 
invention can be formulated with a view to being 



^5'0 administered by 




the topical, oral, parenteral, intranasal, intravenous, 
intramuscular, subcutajieous , intraocular, transdermal, 
etc, route. Preferably, the nucleic acid or the vector 
is employed in an injectable form. It can therefore be 
mixed with any excipient which is pharmaceutically 
acceptable for an injectable formulation, in particular 
for an injection directly into the site to be treated. 
The compositions can, in particular, be sterile, 
isotonic solutions, or dry, in particular lyophilized, 
compositions which, by means of the addition of 
sterilized water or physiological saline, as the case 
may be, enable injectedDle solutions to be constituted. 
A direct injection of the nucleic acid into the tumour 
of the patient is advantageous since this makes it 
possible to concentrate the therapeutic effect at the 
level of the affected tissues. The doses of nucleic 
acid employed can be adjusted in accordance with 
various parameters, particularly in accordance with the 
gene, the vector, the mode of administration employed, 
the pathology concerned or else the sought-after 
duration of the treatment. Advantageously, the doses 
which are administered in vivo are between 10* and 10" 
pfu for a viral vector such as an adenovirus. 
Furthermore, repeated administrations can also be 
envisaged. 

Still in vivo, the process and the molecules 
of the invention can be used to study the mechanisms of 
action of p53 and to determine the potential of the 
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ScFvs on animal models. 

The present invention is advantageously 
en^loyed in vivo for destroying liyperprolif erated cells 
(i.e. abnormally proliferating cells) . It Ccin thus be 
5 applied to the destruction of tumour cells or of smooth 
muscle cells of the vascular wall (restenosis) . It is 
very particularly appropriate for treating cancers in 
which a mutant of p53 is observed. By way of example, 
mention may be made of adenocarcinomas of the colon, 
10 cancers of the thyroid, carcinomas of the l\ing, myeloid 
leukaemias, colorectal cancers, . cancers of the breast, 
cancers of the lung, gastric cancers, cancers of the 
oesophagus, B lymphomas, ovarian cancers, cancers of 
the bladder, glioblastomas, hepatocarcinomas, cancers 
15 of tbe bones, of the skin or of the pancreas, or else 
cancers of the kidney and of the prostate, csmcers of 
the oesophagus, cancers of the larynx, head and neck 
cancers, HPV-positive anogenital cancers, EBV-positive 
cancers of the nasopharynx, cancers in which the cell 
20 protein mdm2 is overexpressed, etc. 

The present invention is described in more 
detail in the examples which follow and which should be 
regarded as being illustrative and not limiting. 
Ficmre legends 
25 Figure 1: Strategy for screening the 

antibodies 

Figure 2: Demonstration of the ability of the 
antibodies to retard the migration of p5 3 on a gel. 



Figure 3: Demonstration of the ability of the 
antibodies to retard the migration of p53H273 on a gel. 

Figure 4: Use of ELISA to demonstrate the 
association of the ScFvs with wild- type p53 , Filled 
circles: IgG 11D3 (1 fig/ml initially); open circles: 
IgG 421 (1 /xg/ml initially) ; squares: biotinylated 
polyclonal serum (1 fig/ml initially); filled triangles: 
ScFv llD3-myc (diluted 1/2 initially); empty triangles: 
ScFv 421-myc (diluted 1/2 initially); diamonds: 
irrelevant ScFv (anti-CD3, diluted 1/2 initially) . 

Figure 5: Demonstration of gel retardations 
induced by the ScFvs 

Figure 6: Restoration of DNA-binding activity 
to mutants of p53 . 

Figure 7: Expression of ScFv421 in H1299 

cells 

Figure 8: Restoration of the transcriptional 
activity of mutant H273 in cell line H358, 

Figure 9 : Restoration of the transcriptional 
activity of mutant H273, which is endogenous in cell 
line HT2?. 

Examples 

EXAMPLE 1: Xsolation and screening of the antibody 11D3 

This example describes the preparation, 
isolation and selection of monoclonal antibodies which 
are directed specifically against the p53 protein, and 
which are able to activate the DNA-binding function of 



the mutated forms of p53 . 

Isolation of the proteins used for iimnimizinQ the 
mice and screening of the hvbridomas 

The wild- type p53 protein, and various 
proteins, i.e. p53 H273, p53 W248 and p53 G281, 
corresponding to mutations of the wild- type p53 which 
are frequently found in tximour cells, were produced in 
SpodoptersL frugiperda Sf9 insect cells which were 
infected with a recombinant baculovirus, and were 
purified by affinity chromatography on an agarose gel 
to which the polyclonal antibody PAb421 (Leveillard et 
al., EMBO J. 15, 1615-1623 (1996)) was coupled. The 
proteins corresponding to fragments 1-320 and 73-320 of 
the wild- type p53 protein were also produced in 
Spodoptera frngiperda. Sf9 insect cells which were 
infected with a recombinant baculovirus following the 
instructions provided by the company Invitrogen. The 
complementary DNAs which were inserted into the 
pBlueBacIII transfer plasmid were generated using 
standard recombinant DNA techniques as described, for 
example, by Sambrook et al . (Sambrook, Fritsch & 
Maniatis; Molecular cloning, a laboratory manual, 2nd 
edition, 1989, Ed. Cold Spring Harbor Laboratory) . 
^-2 . Isolat ion and screening of the hvbridomas 

The mice were immunized with an eq[uimolar 
mixture of the three mutant p53 proteins described 
above and the hybridomas were isolated by following the 
procedural protocols described by Harlow and Lane 



(Harlow & Lane: Antibodies, a laboratory manual, 1988, 
Ed. Cold Spring Harbor Laboratory)- Hybridomas 
producing monoclonal antibodies directed against the 
above-described mutant p53 proteins were selected by 
the method of capturing the antibody produced in the 
hybridoma culture meditun in wells of 96 -well PVC plates 
in which a quantity of 1 microgram of the equimolar 
mixture of the above-described three mutant p53 
proteins had previously been immobilized, following the 
procedural protocols described by Harlow and Lane 
(Harlow & Lane: Antibodies, a laboratory manual, 1988, 
Ed. Cold Spring Harbor Laboratoary) . This first 
screening resulted in 317 positive hybridomas being 
selected. After two weeks of amplifying the hybridomas, 
the supematants of the amplified hybridomas were 
firstly reevaluated using the above-mentioned antibody 
capture method (method 1) and were then classed using 
three screening methods which were in principle 
identical to that mentioned above apart from the fact 
that the nature of the immobilized proteins was 
different: either the purified wild-type p53 protein 
(method 2), or a protein extract derived from Sf9 cells 
which were producing the 1*320 fragment of the wild- 
type p53 (method 3),, or a protein extract derived from 
Sf9 cells which were producing the 73-393 fragment of 
the wild- type p53 (method 4) were immobilized in the 
wells. The protein extracts were obtained by lysing the 
Sf9 cells, by means of repeated freezing/ thawing in a 



28 

phosphate buffer, and then ultracentrifuging the cell 
debris. Of the 317 amplified hybridoma supematants 
162 no longer responded in method 1. The remaining 155 
were all positive in method 2, including 33 (group A) 
which were negative in methods 3 ajnd 4, 115 (group B) 
which were positive in method 3 and negative in method 
4, and, finally, 7 (group C) which were positive in 
both these latter methods. The group B supernatants 
correspond to supernatants which contain an aoitibody 
whose epitope is located in the first 73 amino acids of 
p53, 77 supernatants of this group were found to be 
negative in method 2 when t:hey were preincubated with 
the peptide (1 mg/ml) which corresponded to the 
sequence of the first 40 amino acids of p53 . Isotyping 
the group A antibodies, the 38 group B antibodies which 
remain after eliminating the 77 antibodies mentioned 
above, and the group C antibodies enabled us to 
eliminate the IgM antibodies. These results are 
summarized in Figure 1. 

42 antibodies were then tested for their 
ability to induce a supershift in a p53/DNA complex. 
After having been purified on protein A/Sepharose, the 
antibodies were quantified. Gel retardation experiments 
were carried out by incubating 30 ng of purified wild- 
type p53 protein with a "p- labelled DNA probe which 
represented a specific binding sequence for p53 . 300 ng 
of the various antibodies were then added. The 
complexes were resolved on an acrylamide gel. 
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The results in Figure 2 demonstrate that 27 
of these antibodies were able to induce a supershift. 
19 of these 27 were tested by substituting the His273 
mutant for the wild- type p53 protein in the same gel 
5 retardation experiment (Figure 3) . These 19 antibodies 
all gave positive results. Antxbody No. 26 gave a more 
pronounced retardation than did the others. This 
antibody was designated 11D3 and used in the subsequent 
experiments . 

10 EXAMPLE 2: Isolation of the ScPvs 421 and D3M 

The ScFvs were isolat:ed from hybridomas using 
standard molecular biological t:echn.iques which were 
based on PGR experiments carried out using degenerate 
primers which were specific for the VH and VL regions. 

15 The ScFv which was derived from the antibody 11D3 was 
desigrnated D3M. Its sequence is depicted in SEQ ID 
No. 2. The secjuence of ScFv421 is depicted in SEQ ID 
No. 1. 

EXAMPLE 3: Construction o£ vectiors for expressing the 
2 0 ScFVs 

This example describes the construction of 
vectors which can be used for transferring the nucleic 
acids of the invention in vitro or in vivo. 
3.1. Construction of plasmid vectors 
25 2 types of vector were used for constructing 

plasmid vectors. 

- The vector pSV2, which is described in DNA 
Cloning, A practical approach Vol. 2, D.M. Glover (Ed) 




IRL Press, Oxford, Washington DN, 1985. This vector is 
a eukaryotic expression vector. The nucleic acids 
encoding the ScFvs were inserted into this vector, in 
the form of Hpal/EcoRV fragments. This placed thezn 
xinder the control of the promoter of the SV40 virus 
enhancer. All the constructs described in Example 2 
were introduced into this vector in order to be tested 
in the different in vitro and in vivo evaluation 
systems. 

- The vector pCDNA3 (Invitrogen) . This is 
also a eukaryotic expression vector- In this vector, 
the nucleic acids encoding the ScFvs of the invention 
are thus placed under the control of the CMV early 
promoter. All the constructs d.escribed in Example 2 
were introduced into this vector in the form of a 
Hindlll/NotI fragment. 
3.2. Construction of viral vectors 

According to a particular embodiment, the 
invention involves the construction and use of viral 
vectors which enable the above -defined nucleic acids to 
be transferred and to be expressed in vivo. 

More specifically, various adenovirus 
serotypes , whose s tiructure and properties vary 
somewhat, were characterized. Of these serotypes, 
preference is given, within the context of the present 
invention, to using type 2 or type 5 human adenoviruses 
(Ad 2 or Ad 5) or adenoviruses of animal origin (see 
application W094/2 6914) . Those adenoviruses of aJiimal 
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origin which can be used within the context of the 
present invention and which may be mentioned are the 
adenoviruses of canine, bovine, murine (example: Mavl, 
Beard et al . , Virology 75 (1990) 81), ovine, porcine, 
5 avian or simian (example: SAV) origin. The adenovirus 
of animal origin is preferably a canine adenovirus, 
more preferably a CAV2 adenovirus [Msuihattan or A26/61 
strain (ATCC VR-800) , for example] . Adenoviruses of 
human or canine, or xoixed, origin are preferably used 
10 within the context of the invention. 

Preferably, the defective adenoviruses of the 
invention comprise the XTRs, an encapsidation sequence 
and a nucleic acid according to the invention. Still 
more preferably, at least the El region is non- 
15 functional in the genome of the adenoviruses of the 

invention. The viral gene in c[uestion can be rendered 
non-fimctional by any technique known to the skilled 
person, in particular by total deletion, substitution, 
partial deletion or addition of one or more bases to 
2 0 the gene or genes in question. Modifications of this 
nature can be obtained in vitro (on the isolated DNA) 
or in situ, for example, using genetic engineering 
technicjues or else by treating with mutagenic agents. 
Other regions can also be modified, in particular the 
25 E3 region (WO95/02697 ) , the E2 region (W094/28938) , the 
E4 region (W094/28152, W094/12649, WO95/02697, 
W096/22378) and the L5 region (WO95/02697) . According 




the invention contains a deletion in the El and E4 
regions. According to another preferred embodiment, it 
contains a deletion in the El region into which are 
inserted the E4 region and the nucleic acid of the 
invention (W096/13596) . In the viruses of the 
invention, the deletion in the El region preferably 
extends from nucleotide 4 55 to nucleotide 3329 in the 
sequence of the Ad5 adenovirus* 

The defective recombinant adenoviruses 
according to the invention can be prepared by any 
technique known to the skilled person (Levrero et al.. 
Gene 101 (1991) 195, EP 185 573; Graham, EMBO J. 3 
(1984) 2917) . In particular, they can be prepared by 
homologous recombination between an adenovirus and a 
plasmid which is carrying, inter alia, the DNA sequence 
of interest. The homologous recombination takes place 
after the said adenovirus and plasmid have been 
cotransf ected into an appropriate cell line. The cell 
line employed should preferably (i) be transformable by 
the said elements and (ii) possess the sequences which 
are able to complement the part of the genome of the 
defective adenovirus, preferably in an integrated form 
in order to avoid the risks of recombination. As an 
example of a cell line, mention may be made of the 
human embryonic kidney cell line 293 (Graham et al . , J. 
Gen, Virol. 36 (1977) 59), which harbours, in 
particular, integrated into its genome, the left-hand 
part of the genome of an Ad5 adenovirus (12%) or of 



cell lines which are able to complement the El and E4 
functions r as described, in particular, in the 
applications with the Noa. W094/26914, WO95/02697 and 
W096/22378. 

The adenoviruses which have multiplied are 
then recovered and purified using standard molecular 
biological techniques, as illustrated in the examples. 

The adenoassociated viruses (AAV) are DNA 
viruses of relatively small size which integrate in a 
stable and site-specific maziner into the genome of the 
cells which they infect. They are able to infect a wide 
spectrum of cells without giving rise to any effect on 
cell growth, morphology or differentiation. 
Furthermore, they do not appear to be involved in human 
pathologies. The genome of the AAVs has been cloned, 
sequenced and characterized. It comprises approximately 
4700 bases and contains, at each end, an inverted 
repeat region (ITR) of about 145 bases which serves as 
the origin of replication for the virus. The remainder 
of the genome is divided into 2 essential regions which 
carry the encapsidation functions: the left-hand part 
of the genome, which contains the rep gene, which is 
involved in viral replication and expression of the 
viral genes; the right-hand part of the genome, which 
contains the cap gene,' which encodes the capsid 
proteins of the virus. 

The use of vectors derived from AAVs for 
transferring genes in vitro and in vivo has been 



described in the literature (see, in particular, 
WO 91/18088; WO 93/09239; US 4,797,368, US 5,139,941, 
EP 488 528) . These applications describe various AAV- 
derived constructs in which the rep and/or cap genes 
are deleted and replaced with a gene of interest, and 
the use of these constructs for transferring the said 
gene of interest in vitro (Into cells in culture) or in 
vivo (directly into an organism) . The defective 
recombinant AAVs according to the invention can be 
prepared by cotransf ecting, into a cell line which is 
infected with a hximan axaxiliary virus (for example an 
adenovirus) , a plasmid containing a nucleic sequence of 
the invention, which is of Interest and which is 
flanked by two AAV inverted repeat regions (ITR) , and a 
plasmid carrying the AAV encapsidation genes (rep amd 
cap genes) . An example of a cell line which can be used 
ia the cell line 293 . The recombinant AAVs which are 
produced are then purified by means of standard 
techniques • 

The construction of recombinant vectors 
derived from herpesviruses a.nd retroviruses has been 
amply described in the literature: see, in particular, 
Breakfield et al . , New Biologist 3 (1991) 203; 
EP 453242, EP 178220, Bernstein et al,. Genet. Eng. 7 
(1985) 235; McCormick; BioTeclinology 3 (1985) 689, etc. 
In particular, the retroviriases are integrating viruses 
which selectively infect dividing cells. They therefore 
constitute vectors of interest for applications 



relating to cancer. The retrovirus genome essentially 
comprises two LTRs, an encapsidation sequence and three 
coding regions (gag, pol and env) . In retrovirus- 
derived recombinant vectors, the gag, pol and env genes 
are generally deleted, in whole or in part, and 
replaced with a heterologous nucleic acid sequence of 
interest. These vectors can l>e constructed from various 
types of retrovirus such as, in particular, MoMuLV 
(murine moloney leukaemia virus; also termed MoMLV) , 
MSV (murine moloney sarcoma virus) , HaSV (harvey 
sarcoma virus) ; SNV (spleen necrosis virus) ; RSV (rous 
sarcoma virus) or else Friend's virus. 

In order to construct recombinant 
retroviruses according to the invention which contain a 
nucleic acid according to the invention, a plasmid 
containing, in particular, tlie LTRs, the encapsidation 
sequence and the said nucleic acid is constructed and 
then used to traiisfect a so-called encapsidation cell 
line which is able to supply in trans the retroviral 
fxmctions which are lacking in the plasmid. Generally, 
the encapsidation cell lines are therefore adble to 
express the gag, pol and env genes. Encapsidation cell 
lines of this nature^ have been described in the prior 
art, particularly the cell line PA317 (US 4,861,719); 
the cell line PsiCRXP (WO90/O2806) and the cell line 
GP+envAm-12 (WO89/07150) . Furthermore, the recombinant 
retroviruses can contain modifications within the LTRs 
for suppressing transcriptional activity as well as 



extensive encapsidation sequences which include a part 
of the gag gene (Bender et al . , J. Virol. 61 (1987) 
1639) . The recombinemt retroviruses which are produced 
are then purified by means of standard techniques. 

In order to implement the present invention, 
it is very particularly advantageous to use an 
adenovirus or a defective recombinant retrovirus. This 
is because these vectors possess properties which are 
particularly favourable for transferring genes into 
txunour cells. 
3.3. Chemical vectors 

Of the synthetic vectors which have been 
developed, preference is given, within the context of 
the invention, to using cationic polymers of the 
polylysine, (LKLK)n, (LKKDn (W095/21931) , polyethylen- 
imine (W09 6/02 655) and DEAE dextran type or else 
cationic lipids or lipof ectamLts . They possess the 
property of condensing the DNA and of promoting its 
association with the cell membrane. Of these latter, 
those which may be mentioned are lipopolyamines 
(lipof ectamine and trauxsf ectam, W095/18863 and 
W096/17823) , various cationic or neutral lipids (DOTMA, 
DOGS, DOPE, etc.) and also peptides of nuclear origin 
{WO96/25508) . In addition, the concept of receptor- 
mediated targeted trah^fection has been developed, 
which concept takes advantage of the principle of 
condensing the DNA with the aid of the cationic polymer 
while directing attachment of the complex to the 



membrane due to a chemical coupling between the 
cationic polymer and the ligand of a membrane receptor 
which is present on the surface of the cell type which 
it is desired to transfect. Thus, the targeting of the 
transferrin receptor, the insulin receptor or the 
asialoglycoprotein receptor of hepatocytes has been 
described. A composition according to the invention 
which uses such a chemical vector is prepared by any 
technique )cnown to the skilled person, generally by 
simply bringing the different components into contact. 
BXAtSPUB 4: The ScFvs recogzuLze p53 

The association of the ScPvs with p53 was 
verified in an ELISA test. 

A myc tag was fused to the ScFvs to enable 
them to be detected. The ScPvs 421 and 11D3 (D3M) , and 
a control ScFv (anti-CD3) , were produced from the 
periplasms of bacteria which were expressing these 
different ScFvs. 

ELISA plates which are coated with purified 
p53 are incubated with various dilutions of 11D3 IgG, 
421 IgG, a biotinylated anti-p53 polyclonal serum, the 
11D3 ScFv, the 421 ScPv and the anti-CD3 ScFv. 

The two IgGs are then visualized using a 
secondary anti-IgG antibody which is coupled to 
alkaline phosphatase. The biotinylated serum is 
visualized using extravidin which is coupled to 
alkaline phosphatase. The ScPvs are visualized using 
the anti-myc antibody 9E10 and then using an anti-IgG 
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antibody which is coupled to alkaline phosphatase. A 
colorimetric assay of the alkaline phosphatase activity 
is depicted in Figure 4, which shows that the two 
purified IgGs, the polyclonal serum and the 421 and 
11D3 ScFvs recognize p53 while the anti-CD3 ScFv is 
inactive. 

EXAMPLE 5: The ScFvs are able to induce a supershift of 
the wild- type p53 

The ability of the ScFvs to activate the DNA- 
binding fiinction of the wild-type p53 was tested by 
means of gel retardation experiments. 

A DNA duplex representing a specific binding 
site for p53 was labelled with "p and then incubated 
with the purified wild- type p53 and various purified 
antibodies or ScFvS which were produced in bacterial 
periplasms. The con^lexes are resolved by means of 
electrophoresis on an acrylamide gel. 

The results which were obtained are depicted 
in Figure 5 . 

The DNA/p53 complex is seen in the "basal" 
track. The antibodies HR231, pAb42l and 11D3 are able 
to induce an additional retardation (supershift) and to 
increase the quantity of DNA/p53 complex. 

The 421 and D3M ScFvs are also able to induce 
a supershift whereas an anti-ras control ScFv (Y2B) has 
no effect. The 421 ScFv, contrary to the D3M ScFv, 
induces an increase in the quantity of p53/DNA complex. 



KXAMPKE 6: The ScPvs are al>le to restore a DNA-binding 
function to a p53 mutant 

In an analogous manner, the ScFvs were tested 
for their ability to restore the DNA-binding function 
of the inactive mutant Trp248. The results which were 
obtained are depicted in Figure 6. 

They demonstrate that the two ScFvs induce 
the appearance of a retarded band which corresponds to 
a p53/DNA complex. 

KXAMPLE 7 s The ScFvs are correctly escpressed in tumour 
cells 

The expression of the ScFvs was verified by 
transiently transfecting expression vectors (SV40 
promoter) into H12 99 tumour cells- More particularly, 
the nucleic acids were administered in the form of a 
plasmid vector of the pSV2 type (Example 3) and in the 
presence of a cationic lipid, i.e. lipof ectamine. 

The results which were obtained are depicted 
in Figure 7. When a Western blot is carried out on a 
total extract, a major band is seen which is migrating 
around 30 kD, which corresponds to the expected size 
and which confirms that the molecules are expressed at 
significant levels in tumour cells . 

EXAMPIiE 8: The ScFvs are able partially to restore the 
transactivating function of the His273 mutants 

The ability of these Scpvs to exert an 
effect, within tumour cells, on the deficient 
transactivating function of the mutated forms of p53 



was measured in the following marmeir: 

Transient transf ec tions were carried out in 
cell lines H358 or H1299 (both cell lines being deleted 
for p53) or in the cell line HT2 9 (barbouring the p53 
mutant His273) • These transf actions introduced 
expression vectors for the wild- type p53 or the mutants 
H273 or Hisl75, for the two ScPvs, and a reporter 
plasmid which contained the CAT (chloramphenicol acetyl 
transferase) gene under the control of a p53 -dependent 
promoter. The CAT activity which was measured 48 h 
after transfection reflects the traneactivating 
function of p53 . 

The results shown in Figure B indicate that, 
in cell line H3 58, the two ScFvs are able to effect a 
significant reactivation of the transcriptional 
activity of the mutant His273. Xdentical results were 
obtained in the cell line H12 99. 

In a similar manner, the two ScFvs are able, 
in cell line HT29, to increase the transcriptional 
activity of the endogenous mutant His273 (Figure 9) . 
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The reference to any prior art in this specification is 
not, and should not be taken as, an acknowledgment or any 
form of suggestion that that prior art forms part of the 
common general knowledge in Australia. 

Throughout this specification and the claims which 
follow, unless the context requires otherwise, the word 
"comprise", and variations such as "comprises" and 
"comprising", will be understood to imply the inclusion of a 
stated integer or step or group of integers or steps but not 
the exclusion of any other integer or step or group of 
integers or steps. 
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10 



15 



25 



30 



SEQUENCES 

SEQ ID No. 1 : Nucleotide and peptide sequences of 421 
1/1 



40 



31/n 



CAG GTG CAG CTG CAG CAC TCT GGC GCA GAG CTT GTG ACG TCA GCG CCC TCA CTC AAG TVG 
gin V.1 gin leu ,ln gin ser gly ala glu leu v.l arg ser gly ala ser val lys leu 



TCC TGC ACA GCT TCT GGC TTC AAC ATT AAA 6AC TAC TAT AOC CAC TOO OTG AAG CAC AGG 
ser cys thx ala ser gly phe asn lie lys asp tyr tyr «et his trp val lys gin arg 
'■"''i 151/51 

CCT GAA CAG GGC CTG GAG TGC ATT GCA TGC ATT GAT CCT CAG AAT GGT GAT ACT GAA TAT 
pro glu gin gly ie« glu trp ile gly trp He asp pro glu asn gly asp thr glu tyr 

211/71 

CCC CCG AAG TTC CAG GGC AAG GGC ACT ATG ACT GCA GAC ACA TCC TCC AAT ACA GCC TAC 
«la pro lys phe gin gly lys ala chr met thr ala asp thr ser ser asn thr ala tyr 



241/ei 



CTG CAC CTC AGC ACC CTG GCA TCT GAG GAC ACT GCC CTC TAT TAT TGT AAT TTT TAC CGG 

20 301 /m '»'y 

GAT GCT TIG GAC TAT TGG GGC CAA GGG ACC ACG CTC ACC GTC TCC TCA GGT CCA GGC CCT 
-sp ala leu asp tyr trp gly gin gly thr thr val thr val ser ser gly gly gly giy 



361/121 35,,,3, 



TCA GGC GGA CGT GGC TCT GGC GGT GGC GCA TCG CAT GTT TTG ATG ACC CAA ACT CCA CTC 



ser gly gly gly giy ^^r gly gly gly gly ^er asp val leu met thr gin thr pro leu 

451/151 

ACT TTG TCG GTT ACC ATT GGA CAA CCA GCC TCC ATC TCT TCC AAG TCA ACT CAG AGC CTC 

thr leu ser val thr ile gly gin pro ala ser ile ser cys lys ser ser gin ser leu 
"^''^^ 511/171 

TTG GAT ACT CAT GGA AAG ACA TAT TTG AAT TGG TTC TTA CAC AGG CCA GGC CAG TCT CCA 

i!w?!r ''^^ ^-^^ p" 

AAG CCC CTA ATC TAT CTG GTG TCT AAA CTG GAC TCT GGA GTC CCT GAC AGG ITC ACT" CCC 

35 /ollll """^ p^** "^y 

6«>'/201 631/211 

ACT GGA TCA GGG ACA GAT TTC ACA CTC AAA ATC AAC AGA GTG GAG GCT GAG GAT TTG GCA 
ser gly ser gly thr asp phe thr leu lys ile asn arg val glu ala glu asp leu gly 



"^'"^ 691/23, 



GTT TAT TAT TGC TGG CAA GGT ACA CAT TCT CCG CTC ACG TTC GGT GCT GGC ACC AAG CTG 
val tyr tyr cys trp gin gly thr his ser pro leu thr phe gly ala gly thr lys leu 

'2 I /24 1 



GAA ATC AAA 
glu ile lys 
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SEP ID No. 2 : Nucleotide and peptide sequences of D3M 

31/11 

CAC CTC AAG CTG CAC GAG TCA GCC GCA GAA CTT CTG ACG TCA CCG GCC TCA GTC AAT TTG 
,1„ val lys leu gin glu ser gly ala glu leu val ser ,ly ala ser val asn leu 
61/21 5,^3, 

TCC TGC ACA GCT TCT GCC TTC AAC ATT AAA GAC TAG TAT A« CAC TGG GTC AAA CAG AGG 
ser cys thr ala ser gly phe asn lie lys a.n tvr tyr mrt hi^ trp val lys gi„ arg 

151/51 

CCT GAA GAG GGC CTG GAG TGG ATT GGA TAT AIT GAT CCT GAG AGT GGT GAA ACT GAA TAT 
pro glu glu gly leu glu trp lie gly tyr lie asp pro glu ser gly gXu lh..uUu_tiu: 

"^'^^^ 211/71 
GCC CCG AAC TTC CAG GGC AAG GCC ACT CTG ACT GCA GAC ACA TCC TCC AAC ACA GCC TAC 
al a nrn n^T^ nht^ nin rtlV lys ala thr val thr ala asp thr ser ser asn thr ala tvr 
241/81 

CTG CAC CTC AGC AGC CTC ACA TCT GAG GAC ACA ACC GTC TAT TAC TGT AAT GCA GTC ATC 
ieu his leu ser ser leu thr ser glu asp thr thr val tyr tyr cys asn ala val 
30^/10' 331/111 

TAC TAT GAA TAC GAC GGC TAT GCT TTG GAC TAC TGG GGC CAA GGG ACC ACG GTC ACC GTC 

rvr rvr nUi xyr a^n nly nrr In. ann ryr trp giy gm giy thr thr vai thr val 

361/121 391/131 

TCC TCA GGT GGA GGC GCT TCA GGC GGA GGT GGC TCT GGC GGT GGC GGA TCG GAC ATT CAG 
ser ser gly gly giy gly ser gly gly gly gXy ser gly gly gly giy ^er asp lie glu 
^ ''^^^ 451/151 

CTC ACC CAG TCT CCA TCT TCC CTG GCT GTG TCA GCA GCA GAG AAC GTC GCT ATC AGC TCC 
leu thr gm ser pro ser ser leu ala val ser ala gly glu lys val ala met ser cys 

511/171 

AAA TCC AGT CAG AGT CTC TTC AAC AGT AGA ACC CGA AAG AAT TAC TTG GCT TGG TAT CAG 

i vs Rpr ^^^r nin -^Pr Ip.i ph^ .^n ^er «rn fhr .r. i.,, 

571/191 

CAG AAA CCA GGG CAG TCT CCT AAA GTG CTG ATC TAC TGG CCA TCC ACT AGG GAA TCT GGA 

6o'i /2^i ''"^ tm .1. .Pr rhr .rn filn nrr gly 

GTC CCT CAT CCC TTC ACA GGC AGT GGA TCT GGG ACA GAT TTC ACT CTC ACC ATC AGC AGT 
val pro asp arg phe thr gly ser gly ser gly thx asp phe thr leu thr ile ser ser 

691/231 

GTG CAG GCT GAA GAC CTG GCA GTT TAT TAC TGC AAG CAA TCT TAT AAT CTA CCC ACG TTC 

T.jT. ''^^ nrn rhr phe 

GGC GGG CCC ACC AAG CTG GAA ATC AAA 
giy gly giy thr lys leu glu ile iys 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. Process for restoring a p53-dependant 
transactivation activity in cells exhibiting a mutated p53 
protein, comprising introducing, into the said cell, a 
single-chain antibody which is able to bind the mutated p53 
protein specifically, 

2. Process according to Claim 1, comprising 
introducing, into the said cell, a nucleic acid which 
comprises a sequence encoding the said single-chain antibody 
under the control of a promoter which is able to function in 
the cell. 

3. Process according to Claim 1 or 2, where the 
single-chain antibody is able specifically to bind an 
epitope which is present in the C-terminal region of p53 and 
which carries the oligomeri zation domain and the regulatory 
domain. 

4. Process according to Claim 3, wherein the single- 
chain antibody is able specifically to bind an epitope which 
is present in the C-terminal region of p53 between residues 
320-393. 

5. Process according to Claim 3, wherein the single- 
chain* antibody is seleqted from ScFv421, having the sequence 
SEQ ID No. 1, and 11D3, having the sequence SEQ ID No. 2. 



6. Process according to Claim 2, wherein the nucleic 
acid is part of a vector. 





• •9 • 
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7. Process according to Claim 6, wherein the vector 
is a viral vector. 

8. Process according to Claim 7, wherein the vector 
is a defective recombinant adenovirus. 

9. Process according to Claim 7, wherein the vector 
is a defective recombinant retrovirus. 

10. Process according to. Claim 7, wherein the vector 
is a defective recombinant AAV. 

11. Process according to Claim 7, wherein the vector 
is a defective recombinant HSV. 

12. Process according to Claim 6, wherein the vector 
is a chemical or biochemical vector. 

13. Process according to Claim 1 or 2, wherein the 
mutated p53 protein is devoid • of tumour-suppressing 
activity- 

14. Process according to Claim 13, wherein the mutated 
p53 protein is a form which is present in tumour cells. 

. 15. Process a-ccording to Claim 14, wherein the mutated 
p53 protein is selecte'd from the proteins p53H273, p53W248 
and P53G281-' 

16. Process according to Claim 1 or 2, characterized 



that the cell exhibiting a mutated p53 protein i 



"^tumour cell. 
4 



IS a 
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17. Process according to Claim 16, wherein 
cell is a cell of a lung, colon, head and neck, 
brain tumour. 

18. Use of a single-chain antibody which is able to 
bind a mutated p53 protein specifically for modifying the 
conformation of the said mutated p53 protein. 

19. Use of a single-chain antibody which is able to 
bind a mutated p53 protein specifically for preparing a 
pharmaceutical composition which is intended for treating 
hyperproliferative disorders in which a mutated p53 protein 
is involved. 

20. Use of a nucleic acid encoding a single-chain 
antibody which is able to bind, a mutated p53 protein 
specifically for preparing a pharmaceutical composition 
which is intended for treating hyperproliferative disorders 
in which a mutated p53 protein is involved. 

21. The molecule 11D3, having the amino acid sequence 
of SEQ ID No, 2 or a variant thereof which recognizes the 
same epitope. 

22. Nucleic acid encoding a molecule according to 
Claim 21. 

Nucleic acid according to Claim 22, which is a 
RNA or a synthetic or semi-synthetic acid. 

Nucleic acid according to Claim 23, which has the 



the tumour 
hepatic or 




-46- 

sequence SEQ ID No. 2. 

25. Composition comprising a nucleic acid according to 
Claim 22. 

26. Composition comprising a molecule according to 
Claim 21. 

27. Pharmaceutical composition comprising a nucleic 
acid according to Claim 22 and a pharmaceutically acceptable 
excipient, for treating hyperproliferative disorders. 

28. Method of treating a hyperproliferative disorder 
in which a mutated p53 is involved comprising administering 
a single-chain antibody which is able to bind a mutated p53 
protein specifically. 

29. Method of treating a hyperproliferative disorder 
in which a mutated p53 is involved comprising administering 
a nucleic acid encoding a single chain antibody which is 
able to bind a mutated p53 protein specifically. 

30. Process according to claim 1, substantially as 
herein before described in any one of the Examples. 

31. Use according to claim 18, 19 or 20 substantially 
as herein before descri'bed in any -one of the Examples. 

32. Molecule according to claim 21 substantially as 
herein before described in any one of the Examples. 

33. Nucleic acid according to claim 22 a substantially 



P V)PEA\TTX>Uy57tK91 cb ikic<it|yilIU2 
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as herein before described in any one of the Examples. 

34. Composition according to . claim 25 or 26 
substantially as herein before described in any one of the 
Examples. 

35. Pharmaceutical composition according to claims 27 
substantially as herein before described in any one of the 
Examples. 

DATED THIS 1st day of February, 2002 

Rhone-Poulenc Rorer S.A. 
by its Patent Attorneys 
DAVIES COLLISON CAVE 
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